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METHOD FOR PREPARATION OF 
MULTI-LAYER STRUCTURE FILM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a method for preparation of 

a functional ?lm, particularly a multi-layer structure 
?lm which is useful for uses in electronic devices such 
as semiconductor devices, photosensitive devices for 
electrophotography, optical input sensor devices for 
optical image inputting device, etc. 

2. Related Background Art 
Devices by use of amorphous or polycrystalline de 

posited ?lms of multi-layer structures such as semicon 
ductor ?lms, insulating ?lms, photoconductive ?lms, 
magnetic ?lms on metal ?lms can be expected to have 
physical characteristics or uses not desired on deposited 
?lms of single layer structure and therefore have been 
studied agressively in recent years. Particularly from 
the standpoint of large area devices, multi-layer struc 
ture films having two or more kinds of amorphous lay 
ers laminated are attracting interest. 
For example, investigations have been made to pre 

pare multi-layer structure ?lms having amorphous sili 
con (a-Si) layer and amorphous silicon carbide (a-SiC) 
layer, or amorphous silicon layer and amorphous silicon 
germanium (a-SiGe) layer laminated alternately accord 
ing to the chemical vapor deposition method (CVD 
method) such as the plasma CVD method or the optical . 
CVD method, and they are contemplated to be applied 
for a solar battery or other devices. 

In particular, formation of a deposited ?lm according 
to the plasma CVD method, while there is the problem 
that its reaction mechanism is not well understood, is 
now accepted as the best method in view of productiv 
ity and characteristics of the film and has been widely 
applied for production of solar batteries, electrophoto 
graphic photosensitive members, etc. However, there 
are a large number of parameters to be considered in the 
formation of a deposited ?lm (for example, substrate 
temperature, ?ow rate and flow rate ratio of the intro 
duced gases, pressure during formation, high frequency 
power, electrode structure, structure of the reaction 
vessel, speed of evacuation, plasma generating system, 
etc.). By use of a combination of a large number of these 
parameters, the plasma may sometimes become unstable 
state, whereby marked deleterious influences may be 
frequently exerted on the deposited ?lm being formed. 

Particularly, when forming a multi-layer structure 
?lm according to the plasma CVD method, it is neces 
sary to control discharging or gas introduction every 
time when a new layer is applied. 
However, if the amount of the gas introduced is 

changed to a great extent, the pressure within the reac 
tion space will be changed, whereby the state of dis 
charging becomes unstable which affects the structure 
and the characteristics of the ?lm. Accordingly, if a 
multi-layer structure is formed only by controlling the 
amount of the gas introduced with discharging being 
maintained as practiced in the prior art, it is dif?cult to 
adjust the conditions so that films with good character 
istics may be constantly obtained. 
On the other hand, the method in which deposited 

?lms are formed by controlling discharging, namely 
exchanging the gases with discharging being turned off 
and turned on again after the pressure has reached equi 
librium, will take an extremely long time to be disadvan 
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2 
tageously poor in productivity. Also, in plasma dis 
charging, discharging is not generally stabilized imme 
diately after discharging is turned on, whereby the mul 
ti-layer ?lm obtained as an interface has bad characteris 
tics. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
method for preparation of a multi~layer structure ?lm 
excellent in productivity and bulk productivity, which 
is capable of easily producing a ?lm of high quality 
excellent in physical characteristics such as electrical, 
optical, semiconductor characteristics, etc. 
Another object of the present invention is to provide 

a method for preparing a multi-layer structure ?lm by 
forming a deposited ?lm according to the chemical 
vapor deposition method, which comprises introducing 
a subjective starting material gas (A) which is the major 
?ow rate component, an objective starting material‘ gas 
(B) which is the minor ?ow rate component and hydro 
gen externally activated into a reaction space and con 
trolling periodically the amount of said objective start 
ing material gas (B) introduced to thereby form a depos 
ited ?lm with a multi-layer structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates schematically an example of the 
device for practicing the method for preparation of 
multi-layer structure ?lm of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The above object can be accomplished by a method 
for preparing a multi-layer structure ?lm by forming a 
deposited ?lm according to the chemical vapor deposi 
tion method, which comprises introducing a subjective 
starting material gas (A) which is the major ?ow rate 
component, an objective starting material gas (B) which 
is the minor flow rate component and hydrogen exter 
nally activated into a reaction space and controlling 
periodically the amount of said objective starting mate 
rial gas (B) introduced to thereby form a deposited ?lm 
with a multi-layer structure. 
According to the method for forming a deposited 

?lm of the present invention, a multi-layer structure 
?lm having good film characteristics can be obtained 
simultaneously with simpli?cation of management and 
bulk production with full satisfaction of enlargement of 
areas, uniformity of ?lm thickness and uniformity of 
?lm quality, without requiring enormous installation 
investment for bulk production apparatus, and also the 
management items for its production become clear to 
afford broad management tolerance and simple control 
of the device. 
According to the method for preparation of a multi 

layer structure ?lm of the present invention, a multi 
layer structure ?lm is constituted of two or more kinds 
of layers such as a multi-layer ?lm having two kinds of 
layers with different physical properties laminated al 
ternately and can be prepared easily and rapidly. Also, 
a-multi-layer structure ?lm can be prepared with each 
layer being made an extremely thin layer of, for exam 
ple, 10 A to 200 A. 
The amount (b) of the objective starting material gas 

(B) which is the minor flow rate component to be intro 
duced into the reaction space relative to the amount (a) 
of the subjective starting material gas (A) which is the 
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above mentioned major ?ow rate component may desir 
ably be made £(a) or less, further 1/ 10(a) or less. 
The subjective starting material gas (A) can be consti 

tuted of a gas comprising an element to be contained in 
the layers forming the multi-layer structure, for exam 
ple, both of the two layers with different physical prop 
erties, and can be constituted of a gas which must be 
introduced into the reaction space in an extremely large 
amount as compared with the objective starting mate= 
rial gas (B) because of remarkably smaller reactivity as 
compared with the objective starting material gas (B). 
On the other hand, the objective starting material gas 

(B) can be constituted of a gas comprising an element to 
be contained in one of the layers forming the multi-layer 
structure, for example, the two layers with different 
physical properties, and can be constituted of a gas 
which may be introduced in smaller amount as com 
pared with the subjective starting material gas (A) be 
cause of remarkably greater reactivity as compared 
with the subjective starting material gas (A). 

In case a multi-layer structure ?lm with such two 
kinds of gases is prepared, when forming a ?lm contain 
ing the elements of, for example, “A” and “B”, even if 
the subjective starting material gas (A) may be intro 
duced in larger amount and the objective starting gas 
(B) in smaller amount, a ?lm comprising elements of 
“A” and “B” with approximately equal elemental ratio 
is obtained as the result of glow discharging decomposi 
tion. 

In addition, in the present invention, even when in 
troduction of the objective starting material gas (B) into 
the reaction chamber is then stopped to form a ?lm 
consisting only of the element of “A”, the pressure 
change within the reaction chamber is extremely small. 

Referring speci?cally to the case of preparation of a 
multi-layer structure ?lm composed primarily of Si 
element, such as a multi-layer structure ?lm of a-Si and 
a-SiGe, or a multi-layer structure ?lm of a-Si and a-SiC, 
the subjective starting material gas (A) may be a silicon 
compound such as SiF4, SiCl4, SiFzClz, etc. On the 
other hand, examples of the starting material gas (B) 
may include germanium compounds such as GeF4, 
GeF2Cl-2, GeCl4, etc., and carbon compounds such as 
CF4, C2F6, CCl4, etc. 
For example, when a-SiGe ?lm is to be prepared 

from SiF4 and GeF4, SiF4 and GeF4 may be permitted 
to ?ow at a ratio, which may differ depending on the 
amount of physical properties demanded for the multi 
layer structure ?lm to be formed, but is generally 10:1, 
namely 10 or more desirably 100:1, namely 100 or more. 
Whereas, when a silicon halide-based starting gas is 

to be employed, since the gas of a silicon halide com 
pound has substantially no ability to form a ?lm, its ?lm 
forming ability must be enhanced by introducing hydro 
gen gas together with the silicon halide gas and permit 
ting the active species of hydrogen generated by de 
composition by glow discharging and the active species 
of the silicon halide compound to react with each other. 
On the other hand, the quality of the ?lm formed 

depends on the amounts of the activated species of 
hydrogen and the activated species of silicon halide in 
the plasma. The amount of hydrogen gas introduced 
may be generally within the limited range from i to l of 
the ?ow rate of SiF4. 

Also, when a mixture of SiF4 and hydrogen is decom 
posed by glow discharge to change arbitrarily the mix 
ing ratio of the active species from SiF4 and the active 
species of hydrogen, since both SiF4 and hydrogen are 
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4 
decomposed by glow discharge, it is dif?cult to change 
arbitrarily the mixing ratio of the active species from 
SiF4 and the active species of hydrogen, that is, to set 
freely the mixing ratio of the active species in the 
plasma. 
For this reason, in the present invention, by introduc 

ing active species of hydrogen in place of hydrogen gas 
into the reaction space, the amount of the active species 
is controlled. 
By doing so, even if the flow rate of the active species 

of hydrogen may be changed, for example, between 
0.01 and 66% of the ?ow rate of SiF4, ?lm formation 
can be done at any mixing ratio. The characteristics of 
the ?lm can be controlled by the amount of the active 
species of hydrogen introduced. 
FIG. 1 shows an example of a preferable device for 

practicing the method for forming a deposited ?lm of 
multi-layer structure of the present invention. 

101 is an introducing inlet for the subjective starting 
gas and 102 an introducing inlet for the objective start 
ing gas. 103 is an electromagnetic valve of three-way 
cock, which is connected to a gas introducing pipe 104 
connected to within the reaction chamber 100 or gas 
discharging pipe 105 connected to the evacuation de 
vice 106. 107 is an electrode connected to the RF power 
source 111, having a structure capable of exciting glow 
discharging plasma with the electrode 108 below. 109 is 
a substrate. 110 is a vacuum evacuation device for evac 
uating the reaction chamber. 

112 is an inlet for introducing H2, which is connected 
to a reaction pipe 113 made of a quartz pipe, the reac 
tion pipe 113 is placed in a cavity 114 of microwave, and 
by application of microwave power on the cavity 114, 
plasma is excited to decompose the H2 molecules within 
the reaction pipe 113 to activated H atoms. The decom 
posed H atoms are introduced into the reaction cham 
ber 100. 
The present invention is described in detail by refer 

ring to Examples. 

EXAMPLE 1 

By use of the device for forming a deposited ?lm 
shown in FIG. 1, a reading sensor having a multi-layer 
structure ?lm of a-SiGe:H(F) ?lm and a-Si:H(F) ?lm 
was formed. Through the gas introducing pipe 101, 
SiF4 gas and H2 gas as the subjective starting material 
gases were introduced into the chamber 100. Also, 
through the gas introducing pipe 102, GeF4 gas was also 
introduced into the chamber 100 as the objective start 
ing material. The gas introducing pipe 102 was con 
nected to an electromagnetic valve 103 equipped with a 
three-way-valve, so that the gas introducing pipe 102 
may be changed over selectively by electrical signals to 
be connected to the gas introducing pipe 104 or to the 
gas discharging pipe 105. Also, through th gas introduc 
ing pipe 112, hydrogen gas was introduced into the 
reaction pipe 113, and microwave power was applied 
on the microwave cavity 114 to excite plasma within 
the reaction pipe 113. The hydrogen atom radicals 
formed were introduced into the reaction chamber. The 
gas discharging pipe 105 was connected to the vacuum 
evacuating device 106. 
With such a device constitution, GeF4 gas always at 

a constant flow rate was introduced intermittently by 
electrical signals into the chamber. The gas introduced 
was subjected to glow discharge decomposition by high 
frequency power of 13.56 MHz applied between the 
electrodes 107 and 108, whereby through the chemical 
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reaction of the radicals generated with H atoms, a multi 
layer structure ?lm of a-SiGe:H(F) and a-Si:H(F) was 
deposited on a glass substrate (Coming 7059). 
The gas not contributed to the film formation is dis 

charged out of the chamber by the vacuum evacuation. 
device 110. 

In the following, the method for preparation of a 
reading sensor comprising a multi-layer structure of 
a-SiGe:H(F) ?lm and a-Si:H(F) ?lm within the sensor is 
to be described. ' 

SiF4 gas was introduced at 39.73 sccm through the 
gas introducing pipe 101, and GeF4 gas at 0.4 sccm 
through the gas introducing gas 102 into the chamber. 
Through the gas introducing pipe 112, Hz gas was intro 
duced at 0.6 seem and He gas at 10 sccm into the reac 
tion pipe 113, and microwave power of 300 W was 
applied on the microwave cavity 114. As a result, 
plasma was generated in the reaction pipe. 
As the substrate, Coming 7059 glass was employed. 

The glass substrate temperature was set at 300° C. 
The pressure in the chamber was 300 mTorr and the 

difference between the case when GeF4 was ?owed and 
the case when no GeF4 was ?owed was within 2 mTorr. 
With this state, 30 W of high frequency power of 13.56 
MHz was applied (power density 1 W/em2). 
Even if the flow of GeF4 was turned on or off, sub 

stantially no change was observed in the discharged 
state. 
Under this state, the three-way valve on the introduc 

ing pipe of GeF4 was changed over every 30 seconds. 
After repeating on-off of the three-way valve for about 
200 times, discharging was halted by stopping the gas 
feeding, and the substrate was cooled to room tempera 
ture and taken out from the reaction chamber. After 
equipped with a comb-shaped electrode of aluminum 
(gap length 200 pm) in another vacuum vapor deposi 
tion device, the sample was placed in a vacuum cryo 
stat, and dark electroconductivity (0p) and electrocon 
ductivity up during photoirradiation of 600 nm, 0.3 
mW/cm2 were measured. 
The values obtained were as follows. 

0'p=4>< 10-16 S/cm 
Thus, an optical sensor with an extremely good zrp/ 1rd 
ratio was obtained. 

EXAMPLE 2 

By use of the device shown in FIG. 1, an optical 
diode of PIN structure was prepared on a glass sub 
strate having an ITO ?lm of 1000 A deposited thereon. 
After the substrate was set, the substrate temperature 
was maintained at 250‘ C. First, through the gas intro 
ducing pipe 101, SiF4 gas added with 3000 ppm of mm; 
as the subjective starting material gas and was intro 
duced at 35 sccm into the chamber 100. 

Also, through the gas introducing pipe 102, C2F6 gas 
was introduced as the objective starting material gas at 
5 seem into the chamber 100. At the same time, H2 gas 
at 1 seem and He gas at 10 sccm were introduced 
through the gas introducing pipe 112 into the reaction 
pipe 113, and microwave of 300 W was applied. A high 
frequency power of 30 W was applied from RF power 
source on the electrode 107 to establish plasma. The 
three-way valve connected to the gas introducing pipe 
102 was turned on for 50 seconds and off for 25 seconds, 
which on-off cycle was repeated three times. As the 
result, a p-type ?lm of a multi-layer structure of an 
a-SiC layer with a thickness of about 50 A and an a-Si 
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6 
layer with a thickness of about 50 A was formed to 
about 300 A. Then, after C2F6 gas was replaced with 
GeF4 gas, under the same conditions as described in 
Example 1, a non-doped multi-layer ?lm of a-SiGe layer 
and a-Si layer was formed to about 9000 A. Then, after 
the ?ow of GeF4 gas was stopped, SiF4 gas added with 
3000 ppm of PH3 was introduced at 40 sccm through 
the gas introducing pipe 101 into the chamber, H2 gas at 
0.6 sccm and He gas at 10 sccm through the gas intro 
ducing pipe 112 into the chamber, and 300 W of micro 
wave was applied to establish plasma in the reaction 
pipe 113, and a high frequency power of 30 W was 
applied for 5 minutes to form a n-type a-Si ?lm of about 
300 A thereon. After evacuating the gas thoroughly, the 
substrate was left to cool to room temperature, fol 
lowed by vapor deposition of an aluminum electrode of 
10 mm in diameter. 
As a result, an optical diode of PIN structure com 

prising a glass substrate/ITO ?lm/a p-type multi-layer 
structure ?lm of a-SiC and a-Si/ a non-doped multi-layer 
structure ?lm of a-SiGe and a-Si/a n-type a-Si ?lm/Al 
was formed. When the solar battery characteristics 
were measured by irradiation of light of AM-l, 100 
mW/cm2, good values of an open circuit voltage of 1.0 
V, a short circuit current of 16 mA/cm2 and a conver 
sion ef?ciency of 9.8% were obtained. 

EXAMPLE 3 

On an aluminum substrate, according to the proce 
dure shown in Table 1, an electrophotographic photo 
sensitive member was formed from Al substrate/p-type 
a-Si layer/multi-layer ?lm of a-SiGe and a-Si/multi 
layer ?lm of a-SiC and a-Si. 

TABLE 1 

Film 
Layer Starting material gas thickness 

p-type a-Si SiF4 with 3000 ppm 1 ,4. 
layer 821-16 added 35 sccm 

Hz 0.6 sccm 
He 10 sccm 

Multi-layer ?lm SiF4 39.75 sccm 20 p. 
a-SiGe/a-Si Hz 0.6 sccm 

He 10 sccm 
GeF4 0.4 sccm 

(on/off 50 sec. interval) ’ 
Multi-layer ?lm SiF4 35 sccm 50(1) A 
a-SiC/a-Si Hz 0.6 sccm 

He 10 sccm 
C2F6 5 seem 

(on NI) sec., off 50 sec. 
interval) 

SiF4 and H2 gas were introduced through the introduc 
ing pipe 101, GeF4 and C2F6 through the gas introduc 
ing pipe 102 and introduction of the gases into the reac 
tion chamber was controlled by the three-way valve 
103. 
Hz gas and He gas were introduced through the gas 

introducing pipe 112, microwave power of 300 W was 
applied to generate plasma in the reaction pipe 113 to 
form activated H atoms, which were then introduced 
into the reaction chamber 120. 

Other ?lm forming conditions were as follows: 
inner pressure 300 m torr; 
substrate temperature 250° C. When this electropho 

tographic photosensitive member was subjected to 6B 
corona charging for 0.2 sec., an acceptance potential of 
380 V was obtained. 
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Then, when it was exposed to a semiconductor laser 
beam of 788 nm with an optical density of 2pJ, the 
potential became 30 V. 
As described in detail above, according to the 

method for preparation of a multi-layer structure ?lm of 
the present invention, characteristics can be remarkably 
improved. Also, the method of the present invention 
allows easy control of the production conditions and 
the process, and therefore is suitable for bulk produc 
tion. 
We claim: 
1. A method for preparing a multi-layer structure ?lm 

on a substrate in a reaction space according to a plasma 
assisted chemical vapor deposition method by applying 
discharge energy to starting gases in said reaction space 
to effect ?lm formation, comprising: 

separately introducing into the reaction space a start 
ing material gas (A) at a ?rst ?ow rate (a) which is 
a major ?ow rate component, a starting material 
gas (B) at a second flow rate (b) which is a minor 
?ow rate component and activated hydrogen 
wherein the second flow rate (b) is at most Q of the 
?rst ?ow rate (a); 

applying external discharge energy to said reaction 
space to generate a plasma with said starting mate 
rial gas (A), said starting material gas (B) and said 
activated hydrogen; 

forming a ?rst deposited ?lm layer on the substrate 
by permitting said starting material (A), said start 
ing material (B), and said activated hydrogen to 
form a mixture and chemically react while main 
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8 
taining the discharge energy applied at a substan~ 
tially constant intensity and thereby produce the 
?rst deposited ?lm layer on the substrate having a 
?rst composition; and 

forming at least a second deposited ?lm layer on top 
of said ?rst deposited ?lm layer by varying said 
second flow rate (b) relative to said ?rst ?ow rate 
(a) while maintaining the discharge energy applied 
to said reaction space at the substantially constant 
intensity applied when forming said ?rst deposited 
?lm layer and thereby produce said at least second 
deposited ?lm layer having a second composition 
different from said ?rst composition so as to form a 
multi-layer laminated ?lm of at least two layers of 
different compositions; 

wherein each deposited ‘film layer: has a thickness in 
the range of from 10 A to 200 A° 

2. The method according to claim 1, wherein a silicon 
compound is used as the starting material gas (A). 

3. The method according to claim 2, wherein a ger 
manium compound is used as the starting material gas 

4. The method according to claim 2, wherein a car 
bon compound is used as the starting material gas (B). 

5. The method according to any one of claims 2 to 4, 
wherein hydrogen gas is contained in the starting mate 
rial gas (A). 

6. The method according to any one of claims 2 to 4, 
wherein hydrogen gas is contained in the starting mate 
rial gas (B). 

* t t * i 


